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Elements of Static Strength 


The deflection formula (Eq. (7.2c)) is often used in practical design and can also 
be easily obtained from Eq. (6.8) because of the simplicity of the bending moment 
expression. In setting up the bending moment equation, it is advisable to check 
the bracketing assumptions. For instance, when 0 = 0, M = 0 and for 0 = tv/2, 
M b = WR, which is in agreement with the standard definition. 


STRAIN ENERGY FOR A CURVED BAR 


When a curved bar of a relatively deep cross section is analyzed, the total strain 
energy is expressed by the relation [5] 
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In Eq. (7.3), M b , iV, and Q denote bending moment, normal force, and shearing 
force on a bar cross section, respectively. The distance between the neutral and 
central axis 8 is featured in the denominator of the first term. The shear distribution 
factor defined by £ depends entirely on the cross-sectional geometry as mentioned 
previously in reviewing the case of simple shear. The terms E and G refer to the 
moduli of elasticity and rigidity. The cross-sectional area of the bar and radius of 
curvature are denoted by A and R, respectively. 

In suggesting the use of Eq. (7.3), a basic practical problem arises, how to 
distinguish between the thin and thick members. This question may be of im¬ 
portance in designing proving rings, machine frames, rolling-element bearing rings, 
hoist shackles, hooks, chain links, and the like. The usual rule often quoted states 
that when the mean radius of curvature is about 10 times the depth of the cross 
section (or more), the member is considered thin and such formulas as Eq. (6.8) and 
(6.11) are sufficiently accurate. Bearing in mind the accuracy of engineering calcu¬ 
lations, improved knowledge of materials, and certain experimental evidence [11], 
the rule “10 times the depth” may well be lowered to “six times the depth” without 
undue error. Such a relaxation of this rule of thumb appears to be justified in 
many practical situations, especially where a reasonably good factor of safety can 
be applied. 


EXACT DEFLECTION FOR A THICK CURVED BAR 


In more rigorous design and research investigations, the deflection of a thick member 
is sometimes calculated from the following expression derived from Eq. (7.3): 
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It is emphasized that Eq. (7.4) applies only to in-plane bending of curved bars. The 
evaluation of the deflection using such a complex expression is seldom justified in 



